were used. To evaluate the exposures both short-term (hourly and daily) data and long term (yearly) data during 45 years were analysed. For health risk assessment the relationship between exposure and biological effects of pollutants published by the WHO and the US EPA were employed.
INTRODUCTION
The city of Ostrava is located in the Czech Republic on the border of historical regions Moravia and Silesia in the south-western part of the Upper Silesian metropolitan area (shared today with Poland), with population of about 5.3 million inhabitants. Ostrava is the county seat of the Moravian-Silesian Region of the Czech Republic that counts 1.2 million inhabitants to the date of 30th Sept 2014 and includes so-called Ostrava agglomeration, which is defined by the cadastral area of the cities Ostrava, Bohumín, Doubrava, Havířov, Karviná, Orlová, Petřvald, and Rychvald. The total area of Ostrava includes 248.1 km² and a population of 496,217 inhabitants to the date of 1st Jan 2014. The city of Ostrava itself has an area of 214.23 km² (86% of the Ostrava agglomeration) and 302,969 inhabitants (59% of the Ostrava agglomeration) to the date of 1st Jan 2015.
The beginning of the exact measurement of air pollutant concentrations in Ostrava is dated to the first half of the seventies of the 20th century. The measurements were performed by more institutions: the Czech Hydrometeorological Institute (CHMI), the Regional and the District health authorities (up to 2003), the Institute of Public Health in Ostrava (since 2003), and to a lesser extent some other institutions. The data before 1970 are not available. Currently Ostrava agglomeration is considered one of the most polluted area in the European Union in terms of the most serious air pollutants, i.e. airborne dust (1).
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MATERIALS AND METHODS
A more systematic measurement of air pollution concentrations in the area of Ostrava started in 1970. Several measurement stations were operating (Table 1) , whereby only SO 2 concentrations were measured. Since 1972 concentrations of dust-fall have been measured, i.e. dust particles with an aerodynamic diameter > 100 μm and airborne dust, then so called total fraction, i.e. particles with an aerodynamic diameter < 100 microns.
At that time conventions used today have not yet been adopted i.e. according to which sampling equipment is constructed and specific fractions of airborne dust are sampled, i.e. total fraction (newly inhalable fraction, often referred to as total suspended particles -TSP), thoracic fraction, respirable fraction, or fraction PM 10 and PM 2.5 .
Except those mentioned, other important air pollutions were systematically measured in Ostrava region: sulphur dioxide (SO 2 ), total nitrogen oxides (NO x ), ozone and carbon monoxide, airborne dust compounds (metals and volatile organic), carcinogenic benzene and polycyclic aromatic hydrocarbons (PAH -including benzo[a]pyrene).
The main sources of air pollution in the city of Ostrava are industry and power engineering, local heating and automobile traffic.
Already in 1763 deposits of a high quality coal were discovered in the present territory of the city of Ostrava, which resulted in the origin of heavy industry (establishment of ironworks) and a progressive development of the city of Ostrava. This is an area where a long-term politically motivated process put preferences on heavy industry. Other industrial sectors, agricultural production and largely also tertiary sphere fulfil only a complementary function. Today industries such as metallurgical, chemical, heavy engineering, power production and construction predominate. The gradual decrease of production and associated reduction of emissions at the turn of the 80s and 90s of the 20th century followed cessation of the coal mining in 1994, end of metallurgical production in Vítkovice in 1998 and restructuring of industry. The largest share of heavy industry is currently metallurgy, steel production, chemical industry and coke-ovens. Major emitters of all pollutants of interest in Ostrava are particularly stationary and stationary combustion sources, which list can be found on the websites of the CHMI (2) . Historical development of emissions from stationary sources is described in the paper (3) and since 1980, when total emissions had amounted to 65,301 tons/year these values have decreased to 929 tons/year in 2012.
Pollution caused by traffic is significant in Ostrava, especially around busy roads, in major intersections and in the city centre. For example, the highest NO x emission yield has been for a long time detected in the street Rudná, specifically in the section Frýdek-Místek (5,969 tons/km/year), where 28,536 vehicles pass daily. The second largest pollution load was calculated for the year 2012 in the street Rudná, specifically in the section between exits and ramps to the street Výškovická (5,335 tons/km/year) and consequently in the section between the street Výškovická and Plzeňská (5,250 tons/km/year) where 32,345 vehicles pass a day (annual average) (4) . According to the Census of people, houses and flats in 2011 conducted by the Czech Statistical Office almost 56,000 household were heated by solid fuels (coal, coke, coal briquettes or wood -excluding heating outside the house) which is about 12% of inhabited dwellings in the Ostrava city. In addition, less than 5,800 in use, i.e. over 4% of inhabited dwellings were counted in this area. Concurrently the same data showed that in the most polluted part of the Ostrava-Karviná agglomeration was one of the highest densities of local heating of the MoravianSilesian Region and also in the Czech Republic (5). Areas with a higher proportion of emissions from individual heating (the most important is TSP) are located in the outer and also inner parts of Ostrava, especially in urban districts Vítkovice or Slezská *Number of inhabitants to date 1st January 2015 (6) .
Spatial and temporal distribution of air pollutant concentration in Ostrava region is significantly influenced by geographic and meteorological conditions. The average altitude in the City reaches 227 meters above sea level with the highest point at 336 meters above sea level (municipal district Krásné pole) and the lowest point at 193 meters above sea level (municipal district Slezská Ostrava) (7) . The orientation profile of the Upper Silesian Basin from Jeseníky to Beskydy is shown in Figure 1 and it is one of the leading causes of air pollutants accumulation in this region and thus frequent occurrence of their relatively high concentrations.
Except of specific geographical conditions significant role in air pollution is also played by meteorological conditions, especially temperature, wind direction and velocity (Fig. 2) . The annual average temperature is 8.6°C. The annual average precipitation reaches 568.3 mm. Due to the prevailing wind direction (Fig. 2) , the location of the major sources of pollution, monitoring results and historical experience with spatial placement of monitoring stations, the city of Ostrava can be roughly divided into 3 zones by increasing average concentrations of pollutants, i.e. to the zone 1 (OVA 1) -low polluted area, the zone 2 (OVA 2) -middle polluted area and the zone 3 (OVA 3) -the most polluted area (Table 1) .
In Table 1 in addition to some detailed information about the division of the city of Ostrava and measuring stations location, also the relevant population numbers are shown.
RESULTS
In the Figure 3 and Table 2 historical trend of airborne dust concentrations in Ostrava expressed as the concentration of PM 10 according to internationally accepted conventions is presented. In the period from 1972 to 1996, the measured concentrations of total dust are converted to PM 10 according to experimentally identified proportion of PM 10 /TSP = 0.608 as measured in the mid-nineties (9) . According to the WHO, the PM 10 proportion out of the total amount of total suspended particles (TSP) in the air achieves around 80% (10) . In contrast, e.g. Bogo et al. (11) state that in average 60% of TSP consists of PM 10 particles that is comparable to the value seen directly in Ostrava. Since the year 1997 the measurement of PM 10 has been included in a regular monitoring of air quality.
The results of PM 2.5 concentrations monitoring are introduced in the Figure 4 and Higher values were detected in the winter season (14) . For this reason, the measured concentrations of total suspended particles TSP and PM 10 were not converted to PM 2.5 before 2004. The overview of measurements of sulphur dioxide (SO 2 ) from 1970 to 2013 can be found in Figure 5 and in Table 4 .
In Figure 6 and in Table 5 concentrations of nitrogen dioxide are presented. Since 1985 the total nitrogen oxides (NO x ), i.e. the sum of concentrations of nitric oxide (NO) and nitrogen dioxide (NO 2 ), have been measured. The data from 1985 to 1993 presented here were converted into NO 2 . The conversion rate was based on the share of NO 2 /NO identified in the period from The measured concentrations of ozone and carbon monoxide are presented in Table 6 .
In Tables 7 and 8 annual average concentrations of metals in the fraction PM 10 , which are monitored regularly are presented. The overview of all identified compounds can be found in Table 9 . Table 10 presents overview of annual average concentrations of carcinogenic benzene and benzo[a]pyrene.
A variety of organic substances was identified in the Ostrava environment; their summary can be found in Table 11 . The calculated potential health risks in a connection with longterm and short-term exposure of PM 10 and PM 2.5 are presented in Tables 12 and 13. Summary of the carcinogenic risk of arsenic, benzene and benzo[a]pyrene, according the WHO (10) and US EPA (30), is presented in Table 14 .
Year
DISCUSSION
The presented results demonstrate that in Ostrava a very slight airflow or calm is dominant (up to 36% of the relative frequency) with an average speed of 1.5-2 m/s. The prevailing wind direction is the southwest with about 26% of the relative frequency. The second most frequent wind direction is the north one but its maximum relative frequency is less significant and reaches up to 14% (Fig. 2 ). This fact, together with the geographical conditions of the Upper Silesian Basin, shows that the citizens of Ostrava with all its significant emission sources have been exposed to relatively high concentrations of pollutants in comparison to other similar cities (26) . During the study period it was detected that annual average in case of followed air pollutants' concentrations ranged as follows: of PM 10 3 . Since the turn of the 80s and 90s of the 20th century trend of air pollutant concentrations has been decreasing until the turn of millennium, when the trend stopped and it has been constant until present time. The significant improvement of air pollution is mainly associated with reduction of the pollutants and gradual changes of technological processes in industry.
Summary of the long time series results shown in this work confirmed that the most serious pollutant in the evaluated locality in terms of health risks is airborne dust and a number of carcinogenic substances.
Measured concentrations of PM 10 and PM 2.5 (Tables 2 and 3 Health risks related to these exposures are numerous; it is primarily an increase of the total and specific mortality and morbidity of some diseases (27, 28) (Table 12 and 13 ).
An increase of mortality in all age groups, increase of the number of hospital admissions for cardiovascular and respiratory problems, worsening of asthma disorders in asthmatic children and adolescents can be expected among the acute effects. In relationship with the chronic effects general increase in adult mortality, excess of mortality from cerebrovascular and cardiovascular disease, mortality for chronic obstructive pulmonary disease and lung, trachea and bronchi cancer mortality, and further increase of bronchitis prevalence in children aged 6-12 years, and increase incidence of chronic bronchitis in adults are expected (28 Table 7 h) A h) 1 As Valid for titanium dioxide g) Valid for vanadium pentoxide h) Valid for nickel dust from refineries i) Valid for inorganic compounds, for organic lead compounds of the Group 2B Table 9 .
Overview of all identified elements and hydrogen sulphide in the air
Recently, in addition to measurements of fractions PM 10 and PM 2.5 a number of research projects dealing with the finest particles of airborne dust, so called smoke or nanoparticles according to the new internationally accepted characteristics, have been carried out in EN ISO 13138 and EN ISO 28439. For example, the project of the Institute of Public Health in Ostrava and Technical University in Ostrava within the framework of the programme VaVaI CZ.1.02/5.1.00/10.06301 can be mentioned (15) .
In addition to particulate matter also gaseous pollutants were measured. In the seventies and eighties one of the most harmful pollutants was sulphur dioxide, a product of combustion of sulphur containing materials (mostly lignite). It was the first substance that has been monitored since 1970 (Table 4 ). In the nineties of the 20th century sulphur dioxide began to be considered less significant pollutant in the Ostrava region due to a strong decrease of its concentrations and changes in the organization and financing of monitoring therefore have been made. For this reason, the measurement data from the period 1997-2000 are not available. The health risks of exposure to sulphur dioxide in Ostrava were considered significant in the nineties of the 20th century. Over the years, the WHO has reconsidered the health risks related to the acute effects of this substance with the resulting guideline value of 20 µg/m 3 for 24-hours concentrations (12) , while in the legislation the recommendations were not reflected -the limit for a daily average concentration was set 125 µg/m 3 (31). It cannot be said with certainty that occasionally exceeded limits recommended by the WHO present significant increase of health risk in Ostrava (Table 4) . A similar conclusion can be made in case of ozone in the environment of Ostrava (Table 6 ). Based on a current knowledge about the influence of nitrogen oxides and carbon monoxide on the human body (12, 29) concentrations detected in the air in Ostrava (Tables 5 and 6 ) do not represent any significant risk for the inhabitants of the city.
Approximately in the half of the nineties of the 20th century the public health service conducted the first extensive screening of the airborne dust compounds (17) . A number of metals detected were then monitored regularly (Tables 7 and 8 ). The overview of all identified compounds can be found in Table 9 . The content of metals in the fraction PM 10 is gradually decreasing. This trend occurs at all monitoring stations placed in order to protect human health. The limit values were not exceeded in the last years (18) .
The measurement of the concentrations of carcinogenic benzene, and a number of polycyclic aromatic hydrocarbons (PAH) including benzo[a]pyrene, the most important of them, was launched in 1995 (Table 10 ) by the Regional health authority in Ostrava (19) . PAH were detected in the fraction PM 10 . Since 2000 these substances have been monitored also by the Czech hydrometeorological institute. In Ostrava, the concentrations of polycyclic aromatic hydrocarbons with a carcinogenic potential have been measured at levels that still represent an unacceptable carcinogenic risk. High exposure lasted for quite a few decades and expected risks seem to be therefore probably real. The carci- nogenic risks are likely increased by the contribution of benzene that annual average concentrations regularly and permanently exceeded the acceptable threshold of cancer risk and that is expressed in the immission limit at the level of 5 µg/m 3 ( Table 14) . The real long-term (chronic) negative effects on human health can be also caused by the content of some metals in airborne dust. Although the concentrations have been decreasing in recent years, Tables 7, 8 and 9 show that arsenic, cadmium and nickel exceeded the recommended concentrations being created for health protection, though the lifetime carcinogenic risk of arsenic was not negligible (Table 14) .
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VOCs
Substances
In addition to the above mentioned extensive systematic monitoring of air pollutants (within the framework of the Automatic immission monitoring of the Czech Hydrometeorological Institute, the National Health Monitoring and the Special monitoring of health status of population in the Ostrava-Karviná region) a number of partial studies with specific focus was carried out in the Ostrava region.
Between 1994 and 1995 the project Silesia was performed by the US Environmental Protection Agency (US EPA), which aim was to determine the potential environmental health risks (air and water) and food risks in the Ostrava agglomeration, and to train Tables 2 and 3 (20) . The project also included a 30-day study focused on a more detailed description of Ostrava pollution sources (21) and the demonstration project of air quality management (22) . Based on the results of these studies significant success in promoting measures of air quality improvement in Ostrava was achieved (e.g. hermetisation of some coke-oven operations).
In the years 1995-1996 more detailed measurements of concentrations of PM 10 and PM 2.5 , NO 2 and SO 2 were carried out in the framework of the project CESAR funded by the EU PHARE.
For the first time, the concentrations of PM 2.5 were measured, but the systematic monitoring began only in 2004. The annual average concentration of PM 10 (however measured at places other than stated in Table 1 ) in this study varied in the range between 64 and 91 µg/m 3 and PM 2.5 varied from 48 to 60 µg/m 3 . The results are available (23) .
In 2009, a study dealing with identification of personal exposure to volatile organic compounds (VOCs) in the three industrial cities -Ostrava, Karviná and Havířov -was conducted; as the control area Prague was chosen (24 were used for the measurements of personal exposure to benzene, toluene, ethylbenzene, meta-, para-and ortho-xylene (hereinafter BTEX). The average detected level of personal BTEX exposure during the two seasons was 7.2/34.3/4.4/16.1 µg/m 3 . In winter, higher levels of benzene were found in Karviná, Ostrava and Prague. The values of personal exposure to BTEX were higher than those found in the stationary monitoring exposures in individual locations.
Similarly, in the same year the personal exposure to carcinogenic polycyclic aromatic hydrocarbons (c-PAHs) conjugated to the dust particles ≤ 2.5 µm (PM 2.5 ) was monitored in the same locations (25) . The active personal monitoring device PV 1.7 for c-PAHs bound in PM 2.5 was used for the measurements. The average personal exposure to PAHs in the winter season was the highest in Karviná (39.1 ng/m 
CONCLUSION
It can be concluded that even a significant reduction of the pollutants concentrations in Ostrava in the nineties of the last century does not mean a required improvement of outdoor air quality to the desired level. Persisting episodes with a very strong short-term increase of the concentration of fine particles, as well as long-term load of these substances on the population is very high. Health risks from such burdens are likely to lead to a higher mortality especially for specific diseases. They increase incidence of respiratory diseases, especially in children, and incidence of some malignant diseases than in case of air quality recommended by the World Health Organization.
